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IANGLEY 19 -FOOT PRESSURE TUNNEL 
By Owen J., Deters and Robert T. Russell 


SUMMARY 


Tests of a partial -span model of a large Bomber-type airplane 
were conducted to determine the aerodynamic characteristics of the 
wing equipped with full -span flaps and a retractable spoiler and 
aileron lateral control system. The arrangement consisted of 
( 1 ) a double slotted flap extending over approximately 86 percent - 
of the wing semispan, ( 2 ) a 20 -percent constant -percentage -chord' 
aileron extending from the outboard end of the flap to the wing tip, 
and ( 3 ) a retractable spoiler, located at the 65 -percent wing-chord 
station and extending from approximately 63 percent of the wing 
semispan to the wing tip. In addition, tests were made of a wing 
vent (of 1 and 2 percent of the wing chord located directly behind 
the spoiler), perforations in the spoiler, a slot or cut-out along 
the lower edge of the spoiler, and spoilers of various spans. 

With full -span flaps deflected and with the 2 -percent vent open 
or closed the initial stalling of the wing occurred at the tips, but 
with the vents closed there probably would be no appreciable loss in 
lateral control until maximum lift was reached. The 1 -percent' vent 
increased the rolling effectiveness of the spoiler at small spoiler 
deflections, particularly at high angles of attack with flaps 
deflected. With flaps deflected the 2 -percent vent caused a large 
reduction in both the wing lift and rolling effectiveness of the 
spoiler at large angles of attack. However, at small' angles of attack 
the 2 -percent vent increased the rolling effectiveness of the spoiler 
at, small spoiler deflections. The simultaneous operation of the 
spoiler and vent (in contrast to a vent fixed in the wing) would result 
in a large increase in the effectiveness of the- spoiler and would 
avoid any loss in wing lift as in a fixed vent arrangement. 

The tests of the spoiler modifications revealed that (1) the 
spoiler perforations reduced the rolling -moment and yawing-moment 
coefficients but caused the spoiler hinge -moment coefficients to 
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"become more positive; ( 2 ) the spoiler slot had no notable effect on 
the rolling -moment and yawing-moment characteristics "but produced 
a positive increase in the spoiler hinge -moment coefficients at 
large spoiler deflections; ( 3 ) the effects produced "by the individual 
modifications were additive when the various modifications were 
combined. In general, progressively decreasing the spoiler span "by 
removing the segments from the inboard end of the spoiler caused a 
decrease in rolling effectiveness approximately proportional to the 
span of the segment. 


INTRODUCTION 


As the speed and size of airplanes have increased, the problem 
of providing satisfactory control systems has become increasingly 
difficult, particularly in the case of lateral controls . As a 
solution to this problem, a lateral control system consisting of a 
spoiler and a short span (guide or piiot) aileron has recently been 
developed (reference 1) . The spoiler pilot- aileron control system is 
composed of a circular -arc •Hype spoiler as the principal control 
and an aileron at the wing tip. An advantage of the spoiler pilot - 
aileron arrangement is that full -span flaps can be used. 

The spoiler pilot -aileron arrangement was tested on a model of 
a projected large bomber-type airplane to provide data for this 
type of lateral control system. The arrangement consisted of (l) a 
retractable circular -arc -type spoiler located at the 65 -percent -chord 
station and extending over approximately the outboard 4-0 percent of 
the wing semispan, ( 2 ) a 20 -percent constant -percentage -chord aileron 
extending from the outboard end of the flap to the wing tip and having 
an internally sealed aerodynamic balance, and ( 3 ) a double slotted flap 
extending over approximately 86 percent of the wing semispan.. 

Tests of various modifications to. the wing and spoiler and of 
various arrangements of the spoiler were made to determine their 
effect on the rolling -moment and yawing -moment characteristics and on 
the aileron and spoiler hinge -moment characteristics, in. addition, 
tests to determine the lift, drag, and pitching -moment characteristics 
of the wing 'were made. 

COEFFICIENTS AND SIMBOIS 


The measured aerodynamic forces and moments were reduced to 
standard nondimensional coefficients and corrected so that all 
coefficients presented herein apply to the complete wing. The 
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pitching -moment, rolling-moment, and yawing-moment coefficients apply 
to a center -of -gravity location 25 percent of and 5 percent below 
the mean aerodynamic chord in the plane of symmetry. 

The coefficients and symbols used in this report are defined 
as follows: 


lift coefficient ( Ji.\ 

Us; 

drag coefficient (JLj 
VLSj 

pitching -moment coefficient ( -i — \ 

U Sc y 

rolling -moment coefficient ( lil \ 

. US b/ 

yawing-moment coefficient /' JL \ 

Usb; 

Bpoiler hinge -moment coefficient 
aileron hinge -moment coefficient (■■ 


pitching -moment coefficient 


rolling -moment coefficient 


qc_t b_ 
, .s s s 




drag 

pitching moment 
rolling moment 
yawing moment 

spoiler hinge moment, positive when tending to produce a 
more positive spoiler deflection 

aileron hinge moment, positive when tending to produce a 
more positive aileron deflection 


dynamic pressure 


wing span 


(y) 


wing area 



mean aerodynamic chord 
airspeed 

mass density of air . 
velocity of sound 
viscosity of air 
aileron chord 
wing chord 


'Se gme nt 5 

= U 

Segment 1 



spoiler thickness, normal to spoiler surface 

spoiler -segment span 

inboard end of spoiler segment 


outboard end of spoiler segment 


spoiler mean radius (fig. 8) 

product of aileron root -mean -square chord squared and 
aileron span 

angle of attack of root chord, degrees 

full-span -flap deflection, degrees 

/■ 

inboard-flap deflection, degrees 

outboard -flap deflection, degrees 

spoiler deflection, degrees, negative when spoiler is 
deflected up 

aileron deflection, degrees, positive when trailing edge 
is moved down 
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E 

M 


Beynolds number 



Mach number 



APPAEATUS AND TESTS 
Model and Installation 


The model simulates the outboard 9^*6 percent of the left wing 
of a projected large bomber-type airplane. The installation of the 
model in the tunnel and the general dimensions of the model are 
shown in figures 1 to 4 ... 

A small gap (0.09, +0.03 in.) was maintained constant between 
the wing and inflection plane by an automatic telescoping section in 
the root end of the model. This mechanism was inoperative for most 
of the tests of the spoiler and aileron, during which the gap was 
approximately 0 .53 inch. However, this increase in the size of the 
gap would not be expected to have any measurable effect on the rolling- 
moment, ys-wing -moment, or hinge -moment characteristics resulting from 
deflection of the spoiler and aileron. 

The aerodynamic forces and moments on the wing modei were' 
measured by means of a six-component simultaneously recording balance 
system. The hinge moments of the spoiler and aileron were measured 
by means of electric strain gages. 

Wiiy* . - The wing model was not a true semispan but represented 
that part of the airplane wing outboard of the wing -fuselage juncture 
of the projected airplane. The aspect ratio and taper ratio for the 
airplane wing are 11. 09 and O.25, respectively, whereas the partial-, 
span model mounted in conjunction with the reflection plane simulated 
a wing of aspect ratio 10.84 and taper ratio 0.26. The airfoil 
sections were the NACA 63 (420) -422 at the root and the HACA 63(420) -517 
at the tip. The wing had. 12,19° sweepbaclc of the quarter -chord line, 

2° dihedral, and 2° aerodynamic washout between the root and tip. 

Wins: vent .- The dimensions and geometry of the wing vent are 
shown in figure 4. The vent width could be adjusted to a value of 
either 1 percent or 2 percent of the wing chord. 

Wing flan . - The full-span double slotted flap consisted of an 
inboard (from wing root to outboard nacelle) constant -chord flap and 
an outboard constant -percentage ’-chord flap. Typical sections of the 
inboard and outboard flaps are shown in figures 5 and 6, respectively. 
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Spoiler .- The spoiler -was of the retractable circular-arc type,, 
and the arrangement and details are shown in figures 4 and 7 to 9. 
The spoiler, located at the 65 -percent wing -chord station, was 
composed of five separate segments. The span (perpendicular to the 
plane of symmetry) of each segment and its identification are given 
as follows, beginning with the outboard segment: 


Spoiler segment 

Spoiler span 
(percent complete 
wing semispan) 

1 

4.8 

2 

5-5 

3 

, 6.1 

4 .. 

7.0 

5 

' 7-4 . 


The distance between each spoiler segment was approximately 
0.44 percent of the complete wing semispan, thus the spoiler was 
approximately 32.6 percent of the complete wing semispan. Each 
segment was attached to a common actuating shaft through which the • 
deflections of the spoiler were remotely controlled. Any segment or 
combination of segments could be detached from the actuating shaft 
and fixed in a neutral position (flush with the upper surface of the! 
wing) . The spoiler could be deflected in a negative (upward) direction 
only; the relation between the deflection of the spoiler and its 
projection above the upper surface of the wing is given in figure 8. 

Spoiler modifications . - The modifications to the spoiler 
consisted of perforations in the spoiler plate and a small cut-out in 
the lower edge of the spoiler plate which formed a slot between the 
spoiler and the upper surface of the wing at full deflections of the 
spoiler. The dimensions and location of these modifications to the 
spoiler are shown in figure 9* The spoiler was constructed of a 
basic (0. 051-in. thick) plate and a removable (0.0l8-in. thick) plate 
fixed to .the forward face . of the basic plate. The basic plate 
contained both of the modifications (perforations and slot); and 
removable plates were provided which contained either of these 
modifications, or both, or excluded them. By combining the various 
removable plates with the basic spoiler plate, modifications to the 
spoiler were effected. A further modification to the spoiler 
consisted of a bevel on the upper surface of the spoiler as shown in 
figure 9. 

Aileron . - The- aileron was a 20 -percent constant -percentage -chord 
aileron having an internally sealed aerodynamic balance of 45 percent 
of the aileron chord behind the hinge . The aileron extended from the 
outboard end of the flap to the wing tip as shown in figure 4. The 
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aileron upper and lower surfaces were straight sided as shown in 
figure 10. The installation of the aileron strain gage at the 
ihbodrd end of the aileron prevented the internal balance from 
extending over the inboard end approximatley b percent of the aileron 
span. As a result of; leakage at the inboard end of the balance the 
full effectiveness ofj the balance was probably not obtained. 


Tests 

The tests of the wing were divided into two groups: (l) the 

tests to determine the lift, drag, pitohing-Biament and stalling 
characteristics of the wing, and (2) the tests to determine the 
rolling-moment and yawing-moment characteristics of tho wing and 
the hinge-moment characteristics of the spoiler and aileron. 

The dynamic pressure for. the tests, excluding those for scale 
effect, was approximately 105 pounds per square foot which corresponds 
to a Reynolds number of approximately 8,900,000 and a Mach number 
of approximately 0.18. The. density of the atmosphere was maintained 
at approximately 0.0050 slug per cubic foot. The range of angles 
of attack was from — 1° through the angle of maximum lift. The 
range of deflections of the aileron was ±20° and of the spoiler, 

0° to — 57*5° (which corresponds to a maximum projection of 0.097c). 


CORRECTIONS AND ACCURACY 


The corrections to the measured characteristics were determined 
by the methods of reference 2. Although the methods of reference 2 
were derived for conventional ailerons, no appreciable error is 
introduced by their application to spoiler controls. The corrections 
to the uncorrected coefficients were obtained from the following 
relationships: 


Crs = Crj + O.OlbSCr 2 

uncorrected 

a ~ a uncorrected + 

C '= C ‘ + 0.0344C t : 

111 “uncorrected L 

Cl - 0.8l4 z unc orreo |- Q(i “ ^^taxe) 

° n = SiKOirected “ C “tare " °- 0lll00 I 0 L 
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The values of lift, drag, ana pi tching -moment coefficient have 
not "been corrected for the tare and interference effects of the 
support strut system and therefore are not exact. Incremental values 
of these coefficients as veil as the absolute values of rolling - 
moment, yawing -moment, and hinge -moment coefficient are considered 
to he accurate. The estimated limits of accuracy for the test data 
presented herein were as 'follows: 

ac l +0.01 

..... . + 0.0002 

AC m +0.003 

C 2 . +0.001 

c n . +0.0005 


C h ' . . . . . . . +0.015 

X »- 1 

a, degree ±0.1 

5 S , degrees ..... ±1.5 

5 a , degree ±1.0 


RESULTS AMD DISCUSSION 

The results of the tests are presented in figures 11 to 33 . 

The aerodynamic characteristics of the wing with full -span double - 
slotted flaps are presented first followed by the characteristics 
of the wing for various configurations of the spoiler and aileron. 

Aerodynamic Characteristics of the Wing with 
■ Full -Span Double -Slotted Flaps 

Effect of the flab and ven t. - The aerodynamic characteristics of 
the wing for various configurations of the flap and wing vent are 
given in figure 11. Deflections of the full -span flap produced no 
abnormal changes in the aerodynamic characteristics of the wing. 
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The effects of opening the 2 -percent vent were small at angles 
of attack less than approximately 8°. The lift coefficient was 
decreased, the drag coefficient (for a given lift coefficient) was 
increased, and the pitching -moment coefficients became less negative. 
At angles of attack greater than 8° these changes in lift, drag, and 
pitching -moment coefficient resulting from the vent were greatly 
increased, particularly for large flap deflections. 

The increments in maximum lift coefficient between the flap 
neutral, vent-closed configuration, and various flap and 2 -percent 
vent configurations are given in the following table: 


Flap- 

deflection 

(deg) 

2 -percent - 
vent condition 

ac l 

max 

20 

Closed 

0.55 

20 

Open 

. -50 

50 : 

1 

Closed 

1.15 

50 

Open 

•93 


Of particular interest is the large decrease in maximum lift 
coefficient (0.22) caused by the vent with flaps deflected 50 ° » 

Stalling characteristics . - The characteristics of the wing stall 
for several configurations of the full-span flap and 2 -percent vent 
are given in figure 12 . With flaps neutral and vent closed the stall 
began at the outboard nacelle, spread forward and toward the tip, and 
gradually enveloped the spoiler and aileron. The stall over the 
inboard part of the wing followed that over the outer panel. With 
flaps deflected the general stall pattern remained the .same but the 
stall over the outer wing panel occurred abruptly at maximum lift; 
the inboard part of the wing remained unstalled until after maximum 
lift was reached. Opening the 2 -percent vent caused' the wing to stall 
at a much lower angle of attack in the region behind the spoiler. 

Because of the abrupt stall of the wing with full -span flaps 
deflected and vent closed there would probably be no appreciable loss 
in lateral control until maximum lift was reached. Since the wing has 
a moderate amount of sweepback, the loss in lift due to stalling of the 
wing tips would be detrimental to the longitudinal stability of the 
airplane. 
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■ Aerodynamic Characteristics of the Wing for Various 
Configurations of the Spoiler and Aileron 

One of the main objections to spoiler control arrangements has 
been the time delay or lag between the deflection of the spoiler and 
the development of the resulting rolling moment. Other objections to 
spoilers of the circular-arc type’ are their ineffectiveness at small 
projections (particularly with flaps deflected) and small hinge 
moments. Because of, the relatively high speeds of the projected 
bomber airplane and the rearward location of the spoiler ( 65 -percent- 
chord station), lag. is not expected to be a- serious problem. At low 
speeds, however, some lag may occur. In order to reduce the lag and 
ineffectiveness of the spoiler at low speeds a vent (between the upper 
and lower surfaces of the wing) was located immediately behind the 
spoiler. This vent would tend to open only as the spoiler deflects. 

The effects of a vent in improving the spoiler lag and ineffectiveness 
are demonstrated in references 3 and 4. Although. it was not possible 
to determine the spoiler lag in the present tests/, the effects of 
vents of 1 percent and 2 .percent of the' wing chord on the aerodynamic 
characteristics of the wing and spoiler were determined . The aileron 
at the tip was intended to reduce the lag and increase the effectiveness, 
as well as to improve the hinge -moment characteristics of the system. 

The tests of the perforations, slot and spoiler bevel were made to 
provide further means of improving the characteristics of the spoiler. 

In the arrangement of the aileron and spoiler, the aileron was 
operating in the wake of the? spoiler. This condition could cause 
serious buffeting of the aileron and tests were ma.de therefore to 
determine the characteristics of the spoiler with that part of the 
spoiler directly in front of the aileron removed. 

Characteristics of the nlain Broiler .- The characteristics of the 
plain spoiler, with flaps neutral and deflected, are shown in figures 13 
and 14. With flaps neutral, the variation of rolling -moment coefficient 
with spoiler deflection was approximately linear. With flaps deflected, 
a marked. increase in the rolling effectiveness of the spoiler occurred 
between spoiler deflections of -5° and -10°. As the spoiler deflection 
was increased beyond - 10 °, the rolling -moment coefficients continued 
to increase but the slope of the curve was greatly reduced. ; At low 
angles of attack with either flap configuration the yawing-moment 
coefficients were favorable (of the same sign as the- rolling -moment 
coefficient) and varied linearly with spoiler deflection. At high 
angles of attack the yawing -moment coefficients were adverse at low 
spoiler deflections, particularly with' flaps deflected. The adverse 
yawing -moments occurred when the adverse induced yawing moment- due 
to the change .in induced drag with deflection of the spoiler exceeded 
the favorable yawing moment caused by the change in profile drag with 
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deflection of the spoiler. Thus, at- high angles of attack where the 
induced yawing moment was large (since it was dependent upon the 
wing lift as well as the rolling effectiveness) the total yawing 
moment was adverse. This condition was more pronounced with flaps 
deflected as indicated "by the large increase in rolling effectiveness 
at spoiler deflections between '-‘y > and -10°. With flaps neutral., the 
rolling -moment and yawing-moment coefficients, decreased as the angle 
of attack was increased; however, with flaps deflected, the yawing- 
moment coefficients decreased but the rolling -moment coefficients 
•increased as the angle of attack was increased. 

The aileron hinge -moment coefficients became more negative as the 
spoiler was deflected from -2.5° to approximately -10° -but, remained 
approximately constant with further spoiler deflection. -This change 
in the aileron hinge moments resulted from the increase in the negative 
pressure over the aileron when the spoiler was deflected. The change 
in the hinge -moment coefficients was greatest at small angles of attack 
and- large flap and aileron deflections . * 

In general for all configurations the variation of spoiler hinge - 
moment coefficient with spoiler deflection was irregular and the values 
of the coefficients were negative (tending to produce greater spoiler 
deflections). However, at high angles of attack the magnitude of the 
coefficients and the irregular variation were reduced. 

Effect of the I --percent vent .- The effect of the 1 -percent vent 
on the characteristics of the plain spoiler was determined from a , 
comparison of figures 13 and 15 for flaps neutral and figures lb 
-and 1 6 for flaps deflected. With flans neutral the vent slightly ' 
increased the rolling effectiveness of the spoiler at small spoiler 
deflections (less then -10°) and decreased the effectiveness at large 
deflections . With flaps deflected the increase in spoiler effectiveness 
at small deflections was much greater, particularly at high angles of 
attack, whereas the reduction in effectiveness at large spoiler' 
deflections was negligible. The vent had no effect on the yawing -moment 
coefficients . ■ 

As was the case for 'the plain spoiler configuration, the aileron 
hinge moments usually became more negative. as .the spoiler, deflection 
was increased. The incremental change in the aileron hinge -moment 
coefficient (with spoiler deflection) was a measure of the increase 
in the -negative pressures in the region behind the spoiler. The effect 
of the 1-percent vent was to reduce the change in aileron hinge -moment 
coefficient resulting from deflection of the spoiler. This effect' of 
- the vent (which indicates a reduction in the negative pressure behind 
the spoiler) occurred, in general, at spoiler deflections less than "10°, 
and was. consistent with the, increase in effectiveness of the spoiler 
at small deflections. It should be noted, however, that the aileron 
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hinge -moment coefficients were an indication of the conditions 
existing behind, the outboard- section of the spoiler only, and were 
not necessarily representative of the conditions over the entire 
spoiler. 

The. 1-percent vent had no appreciable effect on the hinge - 
moment characteristics of - the spoiler . 

Effect of the 2 --percent vent .- The effect of the 2 -percent vent 
was determined from a comparison of figures 13 and 17 for flaps neutral 
and figures 14 and l8 for flaps deflected. . At low angles of attack 
with flaps neutral and deflected the effect- of the 2 -percent vent on 
the rolling -moment and yawing-moment characteristics was similar to 
that produced by the 1-percent vent. However, at small spoiler 
deflections, the 2 -percent vent was more effective in increasing the 
rolling -moment coefficients than was the 1 -percent vent. At high 
angles of attack, particularly with flaps deflected, the 2 -percent 
vent greatly reduced the rolling -moment and yawing-moment coefficients. 

The aileron hinge -moment characteristics with the 2 -percent vent 
were similar to those of the 1 -percent -vent configuration. At high 
angles of attack with flaps neutral ‘or deflected the region behind the 
vent was stalled and consequently the change in the aileron hinge - 
moment coefficient with spoiler deflection was small. 

The 2 -percent vent had no appreciable. '.effect on the spoiler 
hinge -moment coefficients with flaps neutral. In the flap deflected 
configuration, however, the spoiler hinge -moment coefficients became 
slightly more- positive' at small spoiler deflections as a result 1 of 
the vent. 

Effect of simultaneous operation of the spoiler and 1 -percent 
or. 2 -percent vents . - In figures 15 to l 8 the data were obtained for 
, an arrangement in which the vent is fixed in the wing. When the vent 
is not fixed but opens as the spoiler deflects, the loss in lift 
caused by the vent will occur only over the wing panel on which the 
spoiler is deflected, thus augmenting the rolling effectiveness of the 
spoiler. The data for this arrangement are shown in figure 19, in 
which it is. assumed that the 2 -percent vent would open instantaneously 
as the spoiler began to deflect. It should be noted that the rolling- 
moment 'coefficients indicated at neutral spoiler deflection would not 
be obtained in a practical case because- the vent would not open 
instantaneously but at some finite rate as the spoiler deflected. The 
effect on the rolling -moment and yawing -moment characteristics of the 
2 -percent vent in this arrangement was determined by a comparison of 
figures ' 13 and 19 (a) for flaps neutral, and figures 14 and 19 (b) for 
flaps deflected. At all angles of attack and flap and spoiler 
deflections the rolling effectiveness was increased. The greatest 
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increase occurred at high angles of attack with flaps deflected 
where the large loss in lift as a result of the vent (as shown in 
figure 11(a)) greatly increased the rolling effectiveness at small 
spoiler deflections. 

Inasmuch as the effect of instantaneous operation of the vents 
can he represented as a constant increment of rolling -moment and 
yawing -moment coefficient the characteristics for the 1 -percent 
vent are not presented in figure form} however, the increments in 
rolling -moment and yawing -moment coefficients produced by both the 
1 -percent and 2 -percent vents are presented in the following table: 


Flap 

deflection 

' 5 f 

(deg) 

Angle 

of 

attack 

a 

(deg) 

1 -percent vent 

2 -percent vent 

^2 

AC n 

AC Z 

^n 

0 

3-5 

-o .0032 

-0 .0001 

-0 .0054 

-0 .0004 

0 

13 -2 

-.0033 

- .0004 

- .0090 

.0005 

50 

4.7 

-.0012 

-.0002 

-.0050 

-.0005 

50. 

12.3 

-.0032 

- .0004 

-.0346 

-.0013 


The increments in rolling -moment and yawing-moment coefficients 
produced by the 2 -percent vent were considerably greater than those 
produced by the 1 -percent vent particularly at high angles of attack 
with flaps deflected.- 

It is evident from these data that a vent behind the spoiler 
must operate in conjunction with the spoiler in order to avoid increases 
in drag and serious losses in both the lift of the airplane and rolling 
effectiveness of the spoiler. These effects have been demonstrated 
in reference 5 where the simultaneous operation of the spoiler and 
vent was accomplished by the use of a plug-type spoiler. 

Effect of the spoiler perforations .- The effect of the 
perforations on the spoiler and aileron characteristics was determined 
from a comparison of figures 13 and 20 for flaps neutral and figures l4 
and 21 for flaps deflected. With flaps neutral and deflected the 
perforations generally decreased the rolling -moment and. yawing-moment 
coefficients. 

The aileron hinge -moment coefficients were not greatly affected 
by the perforations. At spoiler deflections greater than approxi- 
mately -25° the aileron hinge -moment coefficients were slightly less 
negative for the perforated spoiler. 
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The spoiler hinge -moment characteristics were greatly improved 
as a result of the perforations . The effect of the perforations 
were (l) to red\ice greatly the erratic variation of the hinge, -moment 
coefficients with spoiler deflection, and (2) to reduce the hinge - 
moment coefficients at small deflections and to produce positive 
hinge -moment coefficients at large spoiler deflections'; 

Effect- of the snoiler slot .- The effect of the spoiler slot on 
the characteristics of the spoiler and aileron were determined from 
a comparison of figures 13 and 22 for flaps neutral and figures 14 
and 23 for flaps deflected. The effect of the slot on the rolling- 
moment and yawing -moment characteristics was generally small; the 
rolling -moment coefficients were -slightly reduced at the maximum 
deflection of the spoiler.. The slot had no notable effect on the 
aileron hinge -moment coefficients. 

The spoiler hinge-moment coefficients were, in general, unaffected 
by the slot at spoiler deflections less than -40°. At spoiler 
deflections above -4o° the hinge -moment coefficients became more 
positive. 

. Effect of combinations of vents, -perforations, and slot . - The 
effect of the perforations and 1-percent vent on the characteristics 
of the spoiler and aileron are determined from a comparison of 
figures 13 and 24 for flaps neutral, and figures 14 and 25 for flaps . 
deflected. The combined effect of the perforation, . 1 -percent vent,, 
and slot are determined from a comparison of figures 13 and 2 6 for 
flaps neutral and figures 14 and 27 for flaps deflected. In general, 
the effects of the modifications on the rolling -moment, yawing -moment, 
and hinge -moment characteristics of the spoiler and aileron were 
additive. That is, the individual effects of each modification 
discussed previously add to form the characteristics of the spoiler, 
and aileron for each of the various combinations of the 1 -percent 
vent, perforations, and slot. 

Effect of the spoiler bevel .-. The effect of the 17° bevel on the 
characteristics of the spoiler and aileron are determined from a 
comparison of figures 26 and 28(a) with flaps neutral and figures 27 
and 28(b) with' the flaps deflected. . The significant, effect of the . 
spoiler bevel. was an appreciable reduction in the spoiler hinge- .. 
moment coefficients at large deflections of the spoiler. ..The reduction 
in- the spoiler hinge-moment coefficients became greater as the angle 
of attack increased and amounted to approximately 35 percent at the 
highest angle of attack. Further reductions could be made by placing 
bevels on the perforation holes, particularly those near the upper 
edge of the spoiler. 
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Spoiler characteristics- for two, alternate flap configurations . - 
The characteristics of the spoiler, with', full-span flaps deflected 20° 
and with partial -span flaps deflected $0° are presented in figure 29. 
With full -span flaps deflected 20° the rolling -moment and yawing- 
moment coefficients were considerably greater than with flaps neutral. 
The characteristics of the spoiler, with partial -span flaps were 
approximately the same as with the flaps neutral. Thu3 the increase 
in spoiler effectiveness with, increased flap span appears to be 
directly dependent on the lift over that part of the wing spanned by 
the spoiler. 

Inasmuch as the rolling effectiveness of the spoiler for either 
flap configuration is not appreciably increased by the aileron, the 
effectiveness of the spoiler with flaps deflected might be greatly 
improved by extending the span of the flap to the wing tip (providing 
the aileron can successfully be eliminated) • A further advantage of 
such an arrangement would be an increase in the maximum lift of the 
wing. 

Effect of spoiler scan . - The characteristics of the spoiler and 
aileron with the two outboard segments (directly in front of the 
aileron) removed are given in figure 30 for flaps neutral and in 
figure 31 for flaps deflected. The characteristics of the spoiler 
and aileron for various combinations of spoiler segments with flaps 
neutral and deflected are presented in figures 30 and 31. The 
rolling -moment and yawing -moment coefficients were reduced approxi- 
mately in proportion to the reduction in spoiler span with flaps 
neutral. In the flap deflected configuration the reduction in rolling 
and yawing effectiveness was a much smaller percentage of the total 
rolling -moment and yawing -moment coefficients. The spoiler hinge - 
moment coefficients became more negative at small spoiler deflections 
and more positive at large deflections. The upfloating tendency of. 
the aileron resulting from deflection of the spoiler was practically 
eliminated. ’ 1 ' 

The characteristics of the spoiler and aileron for various 
combinations of spoiler segments with flaps neutral and deflected 
are presented in figures 32 and 33, respectively. The effect of 
progressively removing the spoiler segments from, the inboard end of 
the spoiler (figs. 32 and 33) was to reduce the rolling -moment and 
yawing-moment coefficients produced by the spoiler.. The reduction 
in effectiveness of the spoiler as a result of removing each segment 
for all configurations was approximately proportional to the span of 
the’ segment with the exception of the two outboard segments in the 
flap -deflected configuration where the reduction was considerably 
smaller as noted previously. . ■ 
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The aileron hinge moments "became more positive at small 
spoiler deflections and more negative at large deflections as a 
result of progressively reducing the spoiler span, particularly in 
the flap-deflected configuration. 

Except for the outboard segment alone the spoiler hinge -moment 
coefficients generally "became more negative as the spoiler span was 
progressively reduced. The hinge -moment characteristics of the 
outboard segment alone were rather erratic. 


SUMMARY OF RESULTS 


The significant test results of the spoi.ler-pilot-aileron 
arrangement installed on the model of a large bomber-type airplane 
may be summarized as follows: • ■ 

1.. With full -span flaps deflected and with the vent (located 
directly behind the spoiler) open or closed, the initial stalling, 
of the wing occurred at the tips, however with the vents closed, 
there probably would be no appreciable loss in lateral control 
until maximum lift was reached. 

2. The 1 -percent vent increased the rolling effectiveness, 
of the spoiler at small spoiler deflections, particularly at the 
high angles of attack with flaps deflected. 

3 • With flaps deflected the 2 -percent vent caused a large 
reduction in both the wing lift and rolling effectiveness of the 
spoiler at large angles of attack. However, at small angles of 
attack the 2 -percent vent increased the rolling effectiveness of the 
spoiler at small spoiler deflections. 

. 4. The simultaneous operation, of the spoiler and vent (in 

contrast to a vent fixed in the wing) would result in a large increase 
in the effectiveness of the spoiler and would avoid any loss in wing 
lift such as resulted with the fixed-vent arrangement. 

5* The spoiler perforations reduced the rolling -moment and 
yawing-moment coefficients but caused the spoiler hinge-moment 
coefficients to become more positive, particularly at large spoiler 
deflections. 

6. The spoiler slot (located on the lower edge of the spoiler) 
had no appreciable effect on the rolling -moment and yawing-moment 
characteristics of the spoiler but produced more positive spoiler 
hinge -moment coefficients at large spoiler deflections. 
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7. The effects produced by the •individual spoiler modifications 
vere additive when various modifications were combined. 

8. In general, progressively decreasing the spoiler span by 
removing the segments from the inboard end of the spoiler caused 

a decrease in rolling effectiveness that was approximately proportional 
to the span of the segment. 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va., June 20, 1947 
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Figure 1.- The reflection plane and the partial -span wing model mounted in the Langley 
19 -foot pressure tunnel. Full -span flaps deflected 50°. 




Figure 1.- Concluded. 



Figure 2.- Arrangement of the partial -span wing model and reflection plane in the Langley 

19 -foot pressure tunnel. (All dimensions in inches.) 
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Figure 3.- Plan and elevation of the partial-span wing model. (All dimensions in inches.) 
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Fig. 7 



(a) Front view. 



(b) Rear view. 

Figure 7.- The outer-panel spoiler with perforations at the partial-span 

wing model. 



Figure 8. - Spoiler deflection defined in ste-rms >of spoiler projection. 
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Figure 10.- Typical section of the internally sealed aileron of the partial -span wing model. 
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Figure 12.- Stalling characteristics of the partial-span wing model 
for various flap and vent configurations. R« 8,900,000; 

M ^ 0.18. 
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Figure 13.- Characteristics of the plain spoiler for various deflections of the aileron. 
Vent closed; full-span double slotted flaps neutral; R « 8,900,000; M s 0.18. 
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(a) a = 4.7°. (b) a = 12.3 . 

Figure 14.- Characteristics of the plhin spoiler for various deflections of the aileron. 
Vent closed; full-span double slotted flaps deflected 50 ; R~ 8,900,000; M ~ 0.18. 
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Figure 15.- Characteristics of the plain spoiler for various deflections of the aileron. 
1 -percent vent; full-span double slotted flaps neutral; R ~ 8,900,000; M ~ 0.18. 
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Figure 16.- Characteristics of the plain spoiler for various deflections of the aileron. 
1 -percent vent; full -span double slotted flaps deflected 50°; R ~ 8,900,000; 

M £ 0.18. 





NACA TN No. 1409 


Fig. 17 



o q Iu3ujouj-6uj||oh — o t luauuoiu-abuiq jagods 

u 0 ‘juapwaoo °Mq ‘iiiapijjaoo 


p3ULJOUJ-6lDMDX 


luauiouj-a6uii| uaia|;v 




'luapi^aoo ^ ‘luapj^aoo 


o o luaiJuouj-6ui}|oy — o t- °V. |uamouj-a6uiq japodg 

u 0 ‘juap^aoD d Mq 'luaioj^aoo 

|u9ujouj-6uimda juauioiu-abup uoiajiv 


Figure 17.- Characteristics of the plain spoiler for various' deflections of the aileron. 
2 -percent vent; full-span double slotted flaps neutral; R « 8,900,000; M * 0.18. 
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Figure 18 . - Characteristics of the plain spoiler for various deflections of the aileron 
2-percent vent; full-span double slotted flaps deflected 50°; R ~ 8,900,000; M « 1 
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Fig. 19 
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(a) e f = 0°. 



(b) S f = 50°. 

Figure 19.- Effectiveness of the plain spoiler for instantaneous operation of 
the 2 -percent vent at various angles of attack; aileron neutral; 

R ~ 8,900 ,000; M 2 0.18. 
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Figure 20.- Characteristics of the spoiler with perforations for various deflections of the 
aileron. Vent closed; full-span double slotted flaps neutral; R ~ 8,900,000; M ~ 0.18. 
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Figure 21.- Characteristics of the spoiler with perforations for various deflections of the 

aileron. Vent closed; full-span double slotted flaps deflected 50°; R« 8,900,000; M ~ 0.18. 
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Figure 22.- Characteristics of the spoiler with slot for various deflections of the aileron. 
Vent closed; full-span double slotted flaps neutral; R « 8,900,000; M £ 0.18. 
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Figure 23.- Characteristics of the spoiler with slot for various deflections of the aileron. 
Vent closed; full-span double slotted flaps deflected .50°; R « 8,900,000; M 2 0.18. 
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Figure 24 . - Characteristics of the spoiler with perforations for various deflections of- the 
aileron. 1-percent vent; full-span double slotted flaps neutral; R * 8,900,000; 

M * 0.18. 




NACA TN No. 1409 


Fig. 25 



o q 4u3ojouu-6ui||oy — o t* juauioui-abum jajiods 

u 0 'juapijjaoD ‘juapwaoo 

(U9UJ0UJ-6UM0X tusiuouj-sBujii uoi3|;v 


u? 

S 

1 

o5 

■o 

o 


O * 

CO 

CS] 

t-H 

II 

d 



o 


o 


o 


<Y 


o 

■? 


o 


s 

I 


O 

CD 


O 


° 5 . 

u 0 ‘juapupoo 
|U9UJ0UJ-6UIMDX 


CVJ 


9 


«- 

o 


*0 ‘luaoi^aoo 
|uaujouj-6in||oy 


CD 

9 ‘ 


a 


°Mo *|.U8J 01^900 
|UOUJOUJ-sbuiL| UQJ9|!V 


Q 

OJ 



^0 *|U9|0jJJ8O0 

jU9Ui.ouj-9&u|4 jajiods 


CP 

<D 

*o 


Jf 


Jj 

5 

CL 

CD 


o * 
o 

II 

d 


cti 


Figure 25.- Characteristics of the spoiler with perforations for various deflections of the 
aileron. 1 -percent vent; full -span double slotted flaps deflected 50°; R « 8,900,000; 
M a 0.18. 
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Figure 26.- Characteristics of the spoiler with perforations and slot for various deflections 
of the aileron. 1 -percent vent; full -span double slotted flaps neutral; R * 8,900,000; 

M £ 0.18. 
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gure 27.- Characteristics of the spoiler with perforations and slot for various deflections 
of the aileron.' 1 -percent vent; full -span double slotted flaps deflected 50°; R ~ 8,900,000; 
M ~ 0.18. 
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gure 28.- Characteristics of the spoiler with perforations and slot for several angles of 
attack. Spoiler upper surface beveled 17°; 1 -percent vent; aileron neutral; R a 8,900,000; 
M * 0.18. 
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Fig. 29 
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Figure 29.- | Characteristics of the spoiler with perforations and slot for various angles of 
attack. 1 -percent vent; aileron neutral; R « 8,900,000; M £ 0.18. 
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Figure 30.- Characteristics of the aileron and spoiler for various deflections of the aileron; 
spoiler with perforations and slot and with segments 1 and 2 removed. 1 -percent vent; 
full -span double slotted flaps neutral; R s 8,900,000; Ms 0.18. 
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Figure 31.- Characteristics of the aileron and spoiler for various deflections of the aileron; 
spoiler with perforations and slot and with segments 1 and 2 removed. 1 -percent vent; 
full -span double slotted flaps deflected 50°; R« 8,900,000; 0.18. 
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Figure 32.- Characteristics of the spoiler for various combinations of the spoiler segments. 
Spoiler with perforations and slot; 1-percent vent; aileron neutral; full -span double 
slotted flaps deflected 50°; R z 8,900,000; M z 0.18. 
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Fig. 33 
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Figure 33.- (Characteristics of the spoiler segments. Spoiler with perforations and slot; 

1 -percent vent; aileron neutral; full-span double slotted flaps deflected 50°; R » 8,900,000; 
M ~ 0.18. 



